Abstract : An Erlich-Sachs type reaction on 2-nitrosopyridines with malononitrile and a few drops of triethylamine produced 3-amino-2-cyanoimidazo[l,2-a]pyridines directly. The structure of the enaminonitrile was confirmed by an independent synthesis and chemical behavior. The Imidazopyridine nitroester derivative used in the synthesis was employed as a synthon in an alternative route to pyridoimidazopyrimidones.
Introduction
The imidazo[l,2-a]pyridine system is a well recognized pharmacophore which has been involved in a wide and interesting range of pharmacological activities.
1 Numerous synthetic approaches to obtain this important heterocycle have been devised, including solid support syntheses. 2 On the other hand, the nitroso group is a versatile functionality in organic synthesis, for example, in a recently reported preparation of pyridoimidazotropolones. 3 In particular, the nitroso moiety in 2-nitrosopyridine has been shown to be very reactive and has been exploited in several condensation and cycloaddition reactions. 4 ' 5
Results and Discussions
In this communication, we wish to report a very interesting transformation involving 2-nitrosopyridines in an Ehrlich-Sachs type reaction. 6 When 2-nitrosopyridine was treated with malononitrile in an anhydrous dichloromethane solution in the presence of triethylamine, the important synthetic intermediate enaminonitrile imidazo[l,2-a]pyridine la was directly obtained in moderate yield. Similarly, 4-methyl and 5-methyl-2-nitrosopyridines reacted under the same experimental conditions to deliver corresponding enaminonitriles lb and lc (Equation 1). It has been thoroughly documented that o-aminonitriles can be readily cyclized to annulated heterocycles such as pyridines, pyrimidines, triazines and various other heterocyclic systems. 7 Thus, the enaminonitrile la was converted into adenine derivatives 2 s in good yields by an slightly modified procedure: Treatment of la with an excess of previously dried formamidine hydrochloride and sodium «-butoxide/butanol afforded derivative 2a in 85% yield. In a similar fashion, treatment of la with an excess of acetamidine afforded 2b in 76 % yield, while treatment with guanidine led to derivative 2c in 82% yield after purification (Equation 2).
R-CH (CN) /Et
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Synthesis of enaminonitrile imidazo[1, 2-a] pyridine through an ehrlich-sachs type reaction on 2-nitrosopyridine
R= H: i, HC(=NH)NH HCl/sodium n-butoxide/n-butanol R = Me: i, MeC(=NH)NH :HC1 sodium n-butoxide/n-butanol R = NH : i, guanidine HCl /sodium n-butoxide/n-butanol An independent synthesis of la was carried out, not only to confirm its structure but also because a discrepancy with the reported melting point (209-211 °C) 8 as compared to our measurement of 239-240 °C. Thus, la was prepared starting from ethyl 3-nitroimidazo[l,2-a]pyridine-2-carboxylate" 3 (Scheme 1). Compound 3 was converted into the corresponding amide 4 by treatment with an aqueous solution of concentrated ammonium hydroxide at room temperature. 10 The nitro-amide 4 is insoluble in most organic solvents but treatment with a large excess of phosphorus oxychloride at 110 °C for one hour gave 2-cyano-3-nitroimidazo[l, 2- Then, compound 5 was treated with an excess of sodium dithionite in a mixture of THF/water (3:2). Workup of the reaction cmixture gave a yellowish, highly fluorescent, light sensitive solid which showed spectral data similar to those obtained from the isolated product of the reaction of 2-nitrosopyridine and malononitrile. Crystallization from methanol furnished enaminonitrile la as yellowish needles, mp 239-240 °C.
The nitro ester derivative 3 was used in an alternative procedure to obtain guanine derivatives 7 a-c (Scheme 2). Thus, compound 3 was treated with sodium dithionite in THF/water to give the corresponding ethyl 3-aminoimidazo[l,2-a]pyridine-2-carboxylate 6. 10 The amino ester 6 was heated with freshly distilled formamide under an inert atmosphere at 160 °C for 4 h. From the reaction mixture, derivative 7a was isolated (compound 7a has been obtained previously by treating the amino amide 8 with triethyl ortoformate). 8 A solvent free treatment on 6 with an excess of acetamide (fusing the mixture at 90 °C and heating for 24 h), gave only traces of the desired product 7b. However, treatment of 6 with an excess of acetamidine acetate in hot 2-ethoxyethanol gave compound 7b, albeit in very low yield. Compound 7c was prepared by the reaction of guanidine with a nitro ester 3. However, a similar treatment on the nitro derivative 3 with acetamidine hydrochloride (using either sodium n-butoxide or sodium /-butoxide) led to the nitro amide 4, probably because of acetamidine decomposition. These results show a marked chemical difference to that exhibited by the enaminonitrile array in la and confirm the lack of reactivity of enamino esters, such as 6, towards nucleophiles, which has been previously observed in related systems.
Salgado-Zamora and Taylor Heterocyclic Communications
Product 7a was converted to adenine derivative 2a through the intermediary of a halogenated derivative 9 which, in turn, was obtained by heating 7a with phosphorus oxychloride in the presence of a catalytic amount of N,Ndimethylaniline. Compound 9 was treated with ammonia in warm 2-ethoxyethanol to give 2a. The ] H NMR spectrum of compound 2a shows the same signals (the characteristic two amino protons at δ 7.6 and the amidine H-3 proton at δ 8.35) as the compound obtained from la.
In conclusion, treatment of several 2-nitrosopyridines with malonitrile in a slightly basic medium led to the corresponding enaminonitriles imidazo[l,2-a]pyridines. The structure of la was confirmed by an independent synthesis, chemical transformations and analysis of the spectroscopic data. Alternative procedures to obtain purine derivatives 7a-c from intermediate ethyl 3-nitroimidazo[l,2-a]pyridine-2-carboxylate were described.
Experimental
Melting points were determined in an Electrothermal melting point apparatus and are uncorrected. 'H and 13 C NMR spectra were recorded on a Varian Mercury Vx 300 MHz spectrometer. Mass spectra were recorded on a MS-50 (Kratos) spectrometer.
3-Amino-2-cyanoimidazo[l,2-a]pyridine la (from 2-nitrosopyridine).
2-Nitrosopyridine 108 mg (1 mmol) was dissolved in dry CH 2 C1 2 (5 mL) under argon and the solution cooled to -60 °C. Malononitrile (0.066 g, 1 mmol), in CH 2 C1 2 (3 mL) was added followed by 5-7 drops of Et 3 N. The reaction mixture was stirred at this temperature for 1 h. Temperature was then slowly increased to -40 °C and the mixture was stirred at this temperature for 40 min. The mixture was stirred for another 30 min at -30 °C and then allowed to reach room temperature. The yellowish green solid formed was collected by filtration and washed with Et 2 0 (2x5 mL). 3-Amino-2-cyanoimidazo[l,2-a]pyridine la. 2-Cyano-3-nitroimidazo[l,2-a]pyridine 5 (0.5 g, 2.66 mmol) was dissolved in THF(10 mL) and a mixture THF/water (1:2, 15 mL)was added. The mixture was warmed to 50 °C, and sodium dithionite (0.5 g, 2.88 mmol) was then slowly added. The solution immediately became dark and after a while, it was deep orange. After one hour another portion of sodium dithionite (0.25g, 1.4 mmol) was added. The operation was repeated until no change in color was observed. The reaction mixture was then allowed to cool to room temperature, and solvents were removed under a reduced pressure. To the residue, water (15 mL) was added and the mixture was extracted with EtOAc (3 χ 20 mL). The extract was dried (Na 2 S0 4 ) and rconcentrated under a reduced pressure to leave a solid which was further crystallized from MeOH to give the title compound as yellow crystals. Yield 0.19 g, 45%, mp 239-240 °C. HRMS calcd for C 8 H 6 N 4 , m/z 158.05922; found, 158.05912.
4-Aminopyrido[l',2':l,2]iniidazo[4,5-rf]pyrimidine 2a.
«-Butyl alcohol (15 mL) was carefully added to sodium (0.24 g, 10 mmol) placed in a dry flask under argon, and stirring started. When a clear solution was formed, previously dried (4 h under vacuum, at 80 °C) formamidine hydrochloride (0.8 g, 10 mrnol) was added, followed by «-butyl alcohol (15 mL). After 25 min, 3-amino-2-cyanoimidazo[l,2-a]pyridine (0.27 g, 1.7 mmol) was added, followed by 5 mL of dry «-butyl alcohol. A faint yellow color developed. The mixture was heated to 80 °C for 5 h and then allowed to cool to room temperature. Solvent was removed under a reduced pressure to leave a white residue. Water (30 mL) was carefully added, the solid formed was collected by filtration and further crystallized from water to afford 0.27 g, 85.4% of 2a as a white feather like solid, mp 285-287 °C (lit. 2-Ethoxyethanol (20 mL) was then added and heating started. The mixture was stirred and heated at 100-110 °C for 12 h, then allowed to cool to room temperature and concentrated under a reduced pressure. Water (1 mL) was added and the solid formed was collected by filtration and washed with ethanol (5 mL) and water (5 mL). The solid was treated with hot water to give 6b as a brownish solid, mp > 300°C, 20 mg, 9.5 % yield. 'H NMR (DMSO-i4) δ 2.21 (s, 3H), 7.00 (t, 1H, J = 9Hz), 7.51 (t, 1H, J = 9Hz), 7.62 (d, 1H, J = 9Hz), 8 
2-Amino-4-hydroxypyrido[l\2':l,2]imidazo[4,5-rf]pyrimidine
7c. Dry «-butanol (15 mL) was carefully added to sodium (0.14 g, 6 mmol) in a dry flask under an argon atmosphere, and the mixture was stirred until sodium was consumed. Guanidine hydrochloride (0.6 g, 6 mmol) (previously dried under a reduced pressure at 80 °C for at least 2 h) was added, followed by «-butyl alcohol (10 mL). The resultant suspension was stirred at room temperature for half an hour and then 2-carbethoxy-3-nitro-imidazo[l, 2-a]pyridine (0.2 g, 0.8 mmol) was added, followed by nbutyl alcohol (5 mL). The suspension was stirred and heated to 80 °C. After 4 h, the mixture was allowed to cool to room temperature and concentrated under a reduced pressure. The residue was treated with hot methanol, cooled, and filtered. The filtrate was concentrated to leave a pinkish solid which was further crystallized from DMSO to give the title compound as a light brown solid, .071 g, 41 % yield, mp > 300 °C. . Then a steady current of dry ammonia gas was passed through the solution during 18 h. The mixture was allowed to cool to room temperature and concentrated to leave an oily residue. Water (15 mL) was added and a solid separated upon standing. The white solid was collected by filtration and washed with ethanol; yield 38%, mp. 285-287 °C. Spectroscopic data are identical with those presented above above.
